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[Incidence and localization of apoptosis bodies in human 
arteriosclerosis lesions] 

[Article in German] 

Bauriedel G, Schluckebier S, Welsch U, Klingel K, Kandolf R, 
Steinbeck G. 

Medizinische Klinik I, Klinikum Grosshadern, Ludwig-Maximilians- 
Universitat, Munchen. 

Increased density of smooth muscle cells is an accepted feature of human 
restenosis after angioplasty. In addition to migration and proliferation, 
deregulated forms of programmed cell death may represent pathogenic 
mechanisms which lead to increased intimal cellularity. The goal of the 
present study was (i) to demonstrate programmed cell death in human 
plaque tissue by the detection of apoptotic bodies and to distinguish it from 
cellular necrosis, (ii) to evaluate the frequency and the localization of 
apoptotic bodies, and (iii) to compare restenotic and primary lesions for 
different expression patterns. To this end, coronary and peripheral 
atherectomy specimens from 14 restenotic and 25 primary lesions were 
examined by electron microscopy and morphometric analysis. Apoptotic 
bodies were distinguished from cellular necroses due to distinct 
morphological features, and were observed extracellularly, isolated or cell - 
membrane-bound, as well as intracellularly in smooth muscle cells and 
macrophages. The main finding of this study is that hypercellular restenotic 
tissue from both coronary and peripheral lesions contains fewer apoptotic 
bodies than hypocellular plaques from primary lesions (p < 0.01 and p < 
0.05, respectively). Most importantly, a highly significant, inverse 
correlation was seen between the density of apoptotic bodies and intimal 
cellularity (r = -0.67; p < 0.0001). Especially in the extracellular matrix 
regions, restenotic lesions showed fewer apoptotic bodies (p < 0.001). 
Again, these plaques exhibited a smaller number of apoptotic bodies with 
intracellular or membrane-bound localization; however, this observation 
was without statistical significance compared to primary lesions. For both 
plaque types, apoptotic bodies were found more frequently (by the factor 4- 
10) in the presence of smooth muscle cells than with macrophages. With 
respect to the cellular composition of the plaques, apoptotic bodies were 
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evenly detected in 15-28% of all smooth muscle cells and macrophages. Our 
results document a considerable intimal density of apoptotic bodies in high- 
grade human arteriosclerotic lesions and, in addition, reveal nearby smooth 
muscle cells and macrophages exhibiting intensive phagocytotic capacity. 
Differences in the density of apoptotic bodies and in cellularity, coincident 
with an inverse correlation between these determinants, were observed for 
restenotic and primary tissue. These findings strongly point to deregulated 
forms of programmed cell death as important pathogenic mechanisms 
involved in human restenosis. 

PMID: 8928549 [PubMed - indexed for MEDLINE] 
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InterS^ence* 



The role of apoptosis in vascular disease. 
Kockx MM, Knaapen MW. 

Department of Pathology, A.Z. Middelheim, Antwerp, Belgium. 
mark.kockx@uia.ua.ac.be 

Normal arteries are characterized by a low turnover of endothelial (EC) and 
smooth muscle cells (SMC). Different mechanisms protect the EC and SMC 
against apoptosis in the normal artery. In hypertension, SMC replication is 
increased but this is not counterbalanced by increased apoptosis, resulting in 
thickening of the media of arteries and arterioles. The significance of 
apoptosis in atherosclerosis depends on the stage of the plaque, localization 
and the cell types involved. Both macrophages and SMC undergo apoptosis 
in atherosclerotic plaques. Apoptosis of macrophages is mainly present in 
regions showing signs of DNA synthesis/repair. SMC apoptosis is mainly 
present in less cellular regions and is not associated with DNA 
synthesis/repair. Even in the early stages of atherosclerosis SMC become 
susceptible to apoptosis since they increase different pro-apoptotic factors. 
Moreover, recent data indicate that SMC may be killed by activated 
macrophages. The loss of the SMC can be detrimental for plaque stability 
since most of the interstitial collagen fibres, which are important for the 
tensile strength of the fibrous cap, are produced by SMC. Apoptosis of 
macrophages could be beneficial for plaque stability if apoptotic bodies 
were removed. Apoptotic cells that are not scavenged in the plaque activate 
thrombin, which could further induce intraplaque thrombosis. It can be 
concluded that apoptosis in primary atherosclerosis is detrimental since it 
could lead to plaque rupture and thrombosis. Recent data of our group 
indicate that apoptosis decreased after lipid lowering which could be 
important in the understanding of the cell biology of plaque stabilization. 
Copyright 2000 John Wiley & Sons, Ltd. 

Publication Types: 

• Review 

• Review, Tutorial 
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Apoptosis in atherosclerosis: beneficial or detrimental? 
Kockx MM, Herman AG. 

Department of Pathology. A.Z. Middelheim, Antwerp, Belgium. 
mark.kockx@uia.ua.ac.be 

Several groups have demonstrated apoptotic cell death in atherosclerotic 
plaques. The significance of apoptosis in atherosclerosis depends on the 
stage of the plaque, localization and the cell types involved. Both 
macrophages and smooth muscle cells undergo apoptosis in atherosclerotic 
plaques. Apoptosis of macrophages is mainly present in regions showing 
signs of DNA synthesis/repair. Smooth muscle cell apoptosis is mainly 
present in less cellular regions and is not associated with DNA 
synthesis/repair. Even in early stages of atherosclerosis smooth muscle cells 
become susceptible to undergoing apoptosis since they increase different 
pro-apoptotic factors. Moreover, recent data indicate that smooth muscle 
cells may be killed by activated macrophages. The loss of the smooth 
muscle cells can be detrimental for plaque stability since most of the 
interstitial collagen fibers, which are important for the tensile strength of the 
fibrous cap, are produced by SMC. Apoptosis of macrophages could be 
beneficial for plaque stability if apoptotic bodies are removed. Apoptotic 
cells that are not scavenged in the plaque activate thrombin which could 
further induce intraplaque thrombosis. It can be concluded that apoptosis in 
the primary atherosclerosis is detrimental since it could lead to plaque 
rupture and thrombosis. Recent data of our group indicate that apoptosis 
decreases after lipid lowering which could be important in our 
understanding of the cell biology of plaque stabilization. 



Publication Types: 

• Review 

• Review, Tutorial 
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Role of antigen-presenting cells in long-term antitumor 
response based on tumor-derived apoptotic body vaccination. 

Henry F, Bretaudeau L, Hequet A, Barbieux I, Lieubeau B, Meflah K, 
Gregoire M. 

Institut de biologie, INSERM U419, Nantes, France. 

Cellular therapy prospects for cancer are based on the development of T cell 
response, resulting in efficient tumor rejection and long-term protection. We 
have previously shown that treatment combining injection of interleukin-2 
and tumor-derived apoptotic bodies, but not tumor cell extracts, permits to 
reject parental tumor in 40% of rats. We observed the implication of 
antigen-presenting cells (APCs) and tumor-derived apoptotic bodies in the 
rejection of established peritoneal carcinomatosis. We demonstrated that 
apoptotic bodies could be efficiently phagocytosed by monocytes, triggering 
them to an APC phenotype. When using these phagocytosing APCs, derived 
from peritoneal or blood monocytes, the remission rate reached 80% of rats. 
However, due to the lack of specific markers of rat monocyte-derived cells, 
the precise role of APCs, dendritic cells and/or macrophages responsible for 
this therapeutic improvement remained to be clarified. In order to elucidate 
this question, we developed an in vivo preventive cellular therapy based on 
tumor-derived apoptotic bodies, where macrophages were either depleted or 
activated. We report here that in a preventive antitumoral apoptotic body 
vaccination that allows survival for 40% of treated rats, the antitumor 
response was characterized by a specific long-term memory (cured rats 
rejected a second parental tumor cell challenge). Depletion of resident 
macrophages with silica or clodronate liposomes appeared to promote 
apoptotic body vaccination efficiency, increasing the treatment to 66% of 
success. In this case, FACS analysis showed that peritoneal cells present are 
essentially immature APCs and freshly recruited NK cells. In contrast, the 
onset of peritoneal inflammation by thioglycollate, inducing massive 
recruitment and activation of macrophages, reduced the overall survival, 
whatever the treatment was. Also, even though the surviving rate was better 
in silica-treated rats than control, no long-term protection was elicited. Our 
data suggest that massive inflammation, recruiting numerous activated 
macrophages, could inhibit tumor antigen presentation by 'professional' 
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APCs having phagocytosed apoptotic bodies, and defavor a specific 
antitumoral T cell response. Although effective responses were developed 
against parental tumor cells with silica/apoptotic body treatment, they 
seemed only partial, limited to primary cytotoxic efficiency. In conclusion, 
even if macrophages did not appear necessary for a primary response to 
tumor cells, these cells seemed to be implicated in the establishment of 
memory and long-term antitumor response. Copyright 2000 S. Karger AG, 
Basel. 

PMID: 10725809 [PubMed - indexed for MEDLINE] 
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L ' ATHEROSCLEROSE . 
AU Bonnet J. 

CS J. Bonnet, Insern U. 441, avenue du Haut Leveque, 33600 Pessac, France 
SO Medecine/Sciences, (2001) 17/5 (559-567). 
Refs: 64 

ISSN: 0767-0974 CODEN : MSMSE4 
CY France 

DT Journal; General Review 

FS 005 General Pathology and Pathological Anatomy 

018 Cardiovascular Diseases and Cardiovascular Surgery 

029 Clinical Biochemistry 

LA French 

SL English ; French 

AB Atherosclerosis is the most common cause of death in Western countries. 

Atherosclerosis can be considered as a chronic inflammation of the intimal 
part of large arteries. It results from an initial endothelial 
dysfunction due to several risk factors, leading to an 

accumulation of modified lipoproteins, monocyte-derived macrophages and T 
cells interacting with the normal cellular components of the arterial wall 
and inducing foam cell and necrotic core formation. In many cases, the 
development of these atherosclerotic plaques is limited by a fibrous cap 
surrounding the necrotic core and mainly composed of extra-cellular matrix 
proteins and smooth muscle cells. All these events lead to the development 
of atherosclerotic plaques, which can protrude into the arterial lumen and 
induce such clinical manifestation as angina pectoris. One of the main 
complications of the atherosclerosis is the plaque rupture leading to 
vessel occlusion and acute clinical syndromes such as myocardial 
infarction or stroke. The plaque rupture results mainly from the acute 
accumulation of macrophages leading to the local secretion of 
metalloproteinases, extracellular matrix degradation and smooth muscle 
cell apoptosis inducing significant thinning and rupture of the fibrous 
cap. The plaque rupture exposes lipids, apoptotic bodies 
and tissue factor accumulated in necrotic core to blood components, 
initiating the coagulation cascade, platelet activation and thrombosis. 
Considering this process as a whole, biologists and physicians have to 
prevent, detect and treat the atherosclerotic lesions at each step of 
their evolution: the isolated risk factors, the initial 
endothelial dysfunction, the chronic inflammatory 

process responsible of atherosclerotic progression and the plaque rupture 
and thrombosis . 
CT Medical Descriptors: 
* atherosclerosis 
endothelium lesion 
risk factor 
foam cell 

atherosclerotic plaque 
smooth muscle fiber 
angina pectoris 
blood vessel occlusion 
heart infarction 
stroke 

enzyme release 
extracellular matrix 
apoptosis 

thrombocyte activation 

thrombosis 

disease association 

immunohistology 

review 
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lipoprotein 
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thromboplastin 
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LA French 
SL English; French 

AB Atherosclerosis is the most common cause of death in Western countries. 

Atherosclerosis can be considered as a chronic inflammation of the intimal 
part of large arteries. It results from an initial endothelial 
dysfunction due to several risk factors, leading to an 

accumulation of modified lipoproteins, monocyte-derived macrophages and T 
cells interacting with the normal cellular components of the arterial wall 
and inducing foam cell and necrotic core formation. In many cases, the 
development of these atherosclerotic plaques is limited by a fibrous cap 
surrounding the necrotic core and mainly composed of extracellular matrix 
proteins and smooth muscle cells. All these events lead to the development 
of atherosclerotic plaques, which can protrude into the arterial lumen and 
induce such clinical manifestation as angina pectoris. One of the main 
complications of the atherosclerosis is the plaque rupture leading to 
vessel occlusion and acute clinical syndromes such as myocardial 
infarction or stroke. The plaque rupture results mainly from the acute 
accumulation of macrophages leading to the local secretion of 
metalloproteinases, extracellular matrix degradation and smooth muscle 
cell apoptosis inducing significant thinning and rupture of the fibrous 
cap. The plaque rupture exposes lipids, apoptotic bodies 
and tissue factor accumulated in necrotic core to blood components, 
initiating the coagulation cascade, platelet activation and thrombosis. 
Considering this process as a whole, biologists and physicians have to 
prevent, detect and treat the atherosclerotic lesions at each step of 
their, evolution: the isolated risk factors, the initial 
endothelial dysfunction, the chronic inflammatory 

process responsible of atherosclerotic progression and the plaque rupture 
and thrombosis. 
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circulatory system; endothelium: circulatory system, dysfunction; 



extracellular matrix: degradation; large arteries: circulatory system, 
inflammation; monocyte-derived macrophages: accumulation, blood and 
lymphatics, immune system; platelet: activation, blood and lymphatics; 
smooth muscle cells: muscular system 
IT Diseases 

angina pectoris: heart disease, vascular disease; atherosclerosis: 
vascular disease; endothelial dysfunction: vascular 

disease; myocardial infarction: heart disease, vascular disease; vessel 

occlusion: vascular disease 
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AB Atherosclerosis is the most common cause of death in western countries; 

Atherosclerosis can be considered as a chronic inflammation of the intimal 
part of large arteries. It results from an initial endothelial 
dysfunction clue to several risk factors, leading to an 

accumulation of modified lipoproteins, monocyte-derived macrophages and T 
cells interacting with the normal cellular components of the arterial wall 
and inducing foam cell and necrotic core formation. In many cases, the 
development of these atherosclerotic plaques is limited by a fibrous cap 
surrounding the necrotic core and mainly composed of extra-cellular 
matrix;proteins and smooth muscle cells. All these events lead to the 
development of atherosclerotic plaques, which can protrude into : the 
arterial lumen and induce such clinical manifestation as angina pectoris. 
One of the main complications of the atherosclerosis is the plaque rupture 
leading to vessel occlusion and acute clinical syndromes such as 
myocardial infarction or stroke. The plaque rupture results mainly from 
the acute accumulation of macrophages leading: to the: local secretion of 
metalloproteinases, extracellular matrix degradation and smooth muscle 
cell apoptosis inducing significant thinning and rupture of the fibrous 
cap. The plaque rupture expose lipids, apoptotic bodies 
and tissue factor accumulated in necrotic core to blood components, 
initiating the coagulation cascade, platelet activation and thrombosis. 
Considering this process as a whole, biologists and physicians have to 
prevent, detect and treat the atherosclerotic lesions at each step of 
their evolution: the isolated risk factors, the initial 



endothelial dysfunction, the chronic inflammatory 

process responsible of atherosclerotic progression and the plaque rupture 
and thrombosis. 
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combining injection of interleukin-2 and tumor-derived apoptotic 
bodies , but not tumor cell extracts, permits to reject parental tumor 
in 40% of rats. We observed the implication of antigen-presenting cells 
(APCs) and tumor-derived apoptotic bodies in the rejection of 
established peritoneal carcinamatosis. We demonstrated that apoptotic 
bodies could be efficiently phagocytosed by monocytes, triggering 
them to an APC phenotype. When using these phagocytosing APCs, derived 
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rats than control, no longterm protection was elicited. Our data 
suggest that massive inflammation , recruiting numerous activated 
macrophages, could inhibit tumor antigen presentation by 'professional' 
APCs having phagocytosed apoptotic bodies , and defavor a specific 
antitumoral T cell response. Although effective responses were 
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Although the pathogenesis of autoimmune diseases remains poorly 
understood, the current view is that autoaggresive antigen-specific T cells 
play a central role in the cascade of events leading to most autoimmune 
diseases . A major event in the development of autoimmune diseases is 
the activation of antigen-specific T cells-how, when and where does this 
activation take place? This review addresses questions concerning the 
occurrence of unique autoantigens triggering autoimmune diseases , the 
factors influencing the balance between self-tolerance and autoaggresive 
immunity, and the mechanisms by which dendritic cells mediate immunity 
and tolerance to antigen-specific T cells. Knowledge of how 
antigen-specific T cells are activated is now being used to develop 
therapeutic approaches to control autoimmune diseases . We discuss 
tolerance to antigen-specific T cells and tolerance induction as treatment 

of T-cell-mediated autoimmune diseases . Therapeutic modalities have 
been established which selectively target the pathogenic T cells, leaving 
the remainder of the immune system intact. (134 Refs.) 
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Understanding the mechanism which underlies the induction of 



immunologic tolerance is crucial to the development of strategies for 
treatment of autoimmune diseases and allograft rejection. Although 
the concept that T suppressor cells (Ts) downregulate the immune response 
has long been accepted, the existence of a distinct population of 
lymphocytes that mediates suppression has not been convincingly 
demonstrated. In previous studies, we have utilized human T cell lines 
(TCLs) to analyze the suppressive effects of CD8+CD28 T cells in 
allogeneic, peptide specific and xeno-specific responses. In each case, 
CD8+CD28- T cells inhibit proliferation of CD4+ T helper lymphocytes (Th) 
with cognate antigen specificity. These CD8+CD28- T cells display the 
critical functional characteristics of T suppressor cells. Similar to the 
induction of CD8+ cytotoxic T cells (Tc) by Th, this process depends on 
antigen presenting cells (APC) acting as a "bridge" between MHC-class I 
specific CD8+ and class II specific CD4+ T cells. A possible explanation of 
Ts-mediated suppression is their ability to modulate the function of APCs. 
The present studies show that CD8+CD28- Ts directly inhibit the CD40 
signaling pathway of APC by a contact-dependent mechanism that renders 
bridging APCs incapable of inducing CD4+ Th activation. The effects of Ts 
on the functional state of APC supports the concept that the order in which 
Ts and Th cells interact with cognate APCs determines the functional 
outcome of immune responses. 
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